The global crisis and the expansionary government reaction in many countries has revamped the attention of policy makers and academics on the growth effects of large public debts. Recent empirical studies investigate the impact of public debt on growth in advanced and emerging countries. This paper aims at complementing the existing evidence focusing on developing countries, where the increase in domestic borrowing, already started before the crisis, requires a more comprehensive analysis, based not only on external debt, but on total public debt. Results on a panel of low-and middle-income countries over the period [1990][1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007] show that public debt has a negative impact on output growth up to a threshold of 90 percent of GDP, beyond which its effect becomes irrelevant. This non-linear effect can be explained by country-specific factors since debt overhang is a growth constraint only in countries with sound macroeconomic policies and stable institutions.
Introduction and related literature
The global crisis and the expansionary government reaction in many countries, culminated in a fast-growing US government debt and in unsustainable public debts in some European countries (notably Greece and Ireland), has revamped the attention of practitioners, policy makers and academics on the adverse effects of a large public debt. On March 2010, the Bank for International Settlements defined as unsustainable the prospects of public debt in several industrialized countries (Cecchetti, Mohanty and Zampolli, 2010) . Similarly, on September 2010, the International Monetary Fund (IMF) released three position papers on unsustainable debt levels in advanced economies and its director of Fiscal Affairs Department, Carlo Cottarelli, said that "public debt levels among advanced economies have reached levels not seen before in the absence of a major war ". Other than the relationship between government debt and crisis, largely explored by the literature (Panizza and Levy Yeyati, 2010) , also the knowledge of whether, when and to what extent public debt impinges on economic growth (even without a default) is a critical issue in the debate on fiscal policy between who supports a strong fiscal stimulus to sustain the aggregate demand and who invokes the long-run adverse consequences of budget deficits and government debt. While the vast majority of commentators and the few recent academic papers on this subject (Reinhart and Rogoff, 2010b) deal predominantly with industrialized countries, as also the political debate does, this paper argues that a growing public debt might be a source of concern also for several low-and middle-income countries. Since the 1990s, a number of developing and emerging countries started substituting external with domestic debt (Panizza, 2008) : between 1990 and 2004, the share of domestic debt in total public debt increased from 38 to 58 percent in a sample of 25 large emerging countries (Hanson, 2007) , and domestic debt increased substantially also in low-income countries, many of whom benefited from debt relief (Arnone and Presbitero, 2010) . Because of the 2007 global financial crisis, in addition to this trend, developing countries have to deal with a deteriorating fiscal balance due to growing public spending and lower revenues 1 .
The economic literature has investigated many channels through which a growing public debt might hamper long-run growth prospects in developing countries, particularly focusing on foreign borrowing. First, a large public debt might create debt overhang, a situation in which investment are reduced or postponed since the private sector anticipates that the returns from their investment will serve to pay back creditors (Krugman, 1988; Sachs, 1989 ). Besides, a high level of public debt can have adverse consequences on the macroeconomic stability (Singh, 2006) , discouraging capital inflows while favoring capital flight (Alesina and Tabellini, 1989; Cerra, Rishi and Saxena, 2008) , and increasing the incumbent politicians' incentive to "gamble for redemption", leading to higher policy volatility (Malone, 2010) . Even if total investment does not lower significantly, the overall productivity can, since the uncertainty on future government actions to meet burdensome debt obligations might push investors to prefer short-term and low-risk investment to long-term and risky projects (Fosu, 1996; Serven, 1997) . The private sector could also face more binding financing constraints since, particularly in countries with a significant share of domestic debt and underdeveloped financial markets, credit rationing can be the result of reduced savings, of increasing interest rates and of the banks' preference for risk-free government securities (Christensen, 2005; Hanson, 2007; Harrabi, Bousrih and Salisu, 2007) . Other than debt stock, also the associated payment flows might impinge on growth and investment: debt service in several countries soaks up a significant amount of (scant) government revenues, reducing the available resources to fund (much needed) public investment in infrastructure (Cohen, 1993) . The crowding out effect, while not always applicable to external debt to poor countries, given the high degree of loan concessionality and the low repayment rates, is much more likely to work when considering total public debt, given a larger interest bill on domestic debt (Arnone and Presbitero, 2010) .
On the empirical side, however, the evidence is quite limited and it generally deals exclusively with public external debt in low-and middle-income countries. Several studies were produced as a reaction of two waves of (external) debt crisis, the first affecting several Latin-American countries in the 1980s (Green and Villanueva, 1991; Savvides, 1992) and the second concerning the debt relief policies which targeted a number of heavily indebted and poor countries (HIPC) (Arnone and Presbitero, 2010; Cordella, Ricci and Ruiz-Arranz, 2010) . The focus on foreign borrowing, while going back to Keynes' discussion of Germany's war reparations, can not be justified by the relative frequency of debt crisis related to either external or domestic debt, as recently pointed out by Reinhart and Rogoff (2009) : over the long time span 1800-2006, as well as over the shorter period 1940-2006, the incidence of default on debt to domestic and foreign creditors was not statistically different. The focus of empirical research on external debt can be ascribed to the lack of available and reliable comparable data on domestic debt for a large sample of countries. Poor data availability, however, can be itself due to the limited interest of international financial institutions, at least until few years ago, on the issue of domestic debt in emerging and developing countries and to the lack of transparency of many governments in publishing time series data on domestic debt (Reinhart and Rogoff, 2009) .
Notwithstanding a widespread data limitation, some recent efforts in collecting comparable figures on public debt makes possible to try to uncover the growth effect of total public debt. Abbas and Christensen (2010) complement the vast literature on external debt and growth finding that, in a panel of low-income countries and emerging markets, moderate levels of domestic debt have a positive contribution to GDP growth, as a result of the development of financial markets, increased private savings, better institutions and political accountability, and improved monetary policy. However, as long as the stock of domestic debt becomes too large (above the 35 percent of bank deposits), its contribution to economic growth turns negative, because of inflationary pressures and of the crowding out of the private sector 2 . Few other studies look directly at total public debt. Reinhart and Rogoff (2010b) analyze an impressive dataset on domestic and external debt covering 44 countries for over two centuries 3 and find that government debt is unrelated to economic growth as long as it does not exceed 90 percent of GDP; beyond this threshold, the growth rate of highly indebted countries is significantly lower of that of countries whose public debt is below 90%. This non-linear effect, which is difficult to point out with standard linear regression models, is present for both advanced and emerging economies. However, Reinhart and Rogoff (2010b) do not carry out any empirical analysis to sort out the direction of causality, arguing that for high levels of debt the causality should be bi-directional (Reinhart and Rogoff, 2010a) 4 . Similar findings are presented by Caner, Grennes and KoehlerGeib (2010) : averaging data for a large sample of industrialized and developing countries over the period 1980-2008, Caner, Grennes and Koehler-Geib estimate a public debt threshold at 77% of GDP; the non-linearity in debt effect on growth means that for moderate debt levels an increase in the public debt-to-GDP ratio helps expanding investment and translates in faster growth, while above the threshold additional debt reduces output growth. Albeit improving on Reinhart and Rogoff (2010b) thanks to the endogenous threshold estimation, this approach still does not take into account endogeneity, an issue addressed by Kumar and Woo (2010) , who find that public debt has a linear negative effect on subsequent GDP growth, TFP and investment. Other than being statistically robust across different econometric specifications, the growth effect of public debt is economically relevant: a 10% increase in the debt-to-GDP ratio is associated with a reduction of 0.2 percentage points of annual per capita real GDP growth. Moreover, consistently with Reinhart and Rogoff (2010b) and Caner, Grennes and Koehler-Geib (2010) , also Kumar and Woo (2010) find some evidence of non-linearity in the debt effect on growth, which seems to be effective only when public debt exceeds 90 percent of GDP. However, their analysis is limited to a short time horizon and covers a limited sample of 38 advanced and emerging economies. This paper builds on this literature and contributes along different issues. First, differently from the development literature, we consider the growing role of internal borrowing looking explicitly at the effect of total public debt on output growth. Second, diversely from the papers discussed above and focusing on total debt, this one looks directly at poor countries: the partial correlation between initial total public debt and subsequent per capita GDP growth is estimated in a large sample of low-and middle-income countries. Third, in addition to the contribution by Reinhart and Rogoff (2010b) and Caner, Grennes and Koehler-Geib (2010) , this paper tries to uncover possible non-linearities in a multivariate setting and adopting different econometric techniques. Finally, the presence of possible sources of heterogeneity in the growth effect of public debt is assessed looking at the impact of public debt conditioned to country's policies and institutional quality. With respect to the latter point, we argue that there are sound reasons to expect debt overhang to be a binding constraints to investment and growth only in countries with sound macroeconomic policies and institutions, while in countries with volatile policies and lousy institutions, the latter are likely to hamper GDP growth, not debt, whose effect is overshadowed and becomes statistically irrelevant (Arslanalp and Henry, 2006; Presbitero, 2008; Cordella, Ricci and Ruiz-Arranz, 2010; Arnone and Presbitero, 2010) 5 . In a similar vein, the recent literature on financial globalization and economic growth suggests a non linearity in the effect of capital flows on growth, according to which financial integration might benefit only countries which have already implemented sound macroeconomic policies and reached a stable institutional setting (Arteta, Eichengreen and Wyplosz, 2003; Kose et al., 2009; Cline, 2010; Kose, Prasad and Taylor, 2010) . Hence, only in those countries debt can impact on economic conditions. Consistent with the threshold hypothesis, there is some recent empirical evidence showing that a certain level of institutional quality in heavily indebted countries is required to attract foreign investment, stimulate economic growth and benefit from debt relief (Asiedu, 2003; Dessy and Vencatachellum, 2007; Harrabi, Bousrih and Salisu, 2007) , suggesting that public debt affects the economic conditions of countries with good policies and institutions.
The remainder of the paper is as follows: the next Section introduces the dataset and its sources along with the main variables; Section 3 discusses the results, focusing firstly on some descriptive evidence supporting the necessity to look at total public debt (3.1), then presenting the main econometric findings (3.2) and finally showing some robustness exercises (3.3). Section 4 concludes drawing some policy implications for the International Financial Institutions.
Data and methodology
The empirical exercise is carried out merging macroeconomic data from several different sources for a sample of 92 low-and middle-income countries, listed in Table 1 , over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Table 2 reports the definition, sources and summary statistics of all the variables. To wash out possible business cycle fluctuation, data are averaged over six non-overlapping threeyears periods. The main source for the macroeconomic variables are the World Development Indicators published by the World Bank, while data on total public debt are taken from the dataset collected by Panizza (2008) 6 . To take into account the issue of reverse causality, in the same vein of Presbitero (2008) and Cordella, Ricci and Ruiz-Arranz (2010) , the debt-to-GDP ratio (P U BLIC DEBT ) is measured in the first year of the three-years period and is built dividing total public debt by the smoothed GDP obtained applying the Hodrick and Prescott (1997) filter 7 .
The equation to be estimated is a basic growth model including the main variables suggested by the Solow (1956) model plus some other standard controls and augmented with the measure of public indebtedness (P U BLIC DEBT ):
where the lagged value of GDP (GDP t−1 ) measures conditional convergence and X is a vector of standard control variables including: the log of the investment rate (IN V EST M EN T ), the log of the gross primary enrollment rate as a measure of human capital accumulation (HU M AN CAP IT AL) 8 , the overall CPIA score to take into account the role of policies and institutions (CP IA) on economic development (Acemoglu and Robinson, 2010) 9 , the sum of imports and exports of goods and services over GDP as a measure of openness (OP EN N ESS), and the standard deviation of inflation over the three-years windows (IN F LAT ION ) as a proxy for the degree of economic uncertainty. Finally, η i and τ t capture respectively the country and time fixed effects, measured by geographic and time dummies, and i,t is the classical spherical error term.
To take into account country fixed-effects, the endogeneity of the right-hand side variables and the dynamic structure of the model, we estimate equation 1 by Generalized Method of Moments (GMM) techniques. Following a growing literature which applies GMM to panel growth regression (Durlauf, Johnson and Temple, 2005) , we use the two-step System GMM with the Windmeijer (2005)'s finite-sample correction for the covariance matrix, which has been shown to be more efficient than the one-step estimator (Roodman, 2009a) and to perform better than the Differenced-GMM and the within-group estimators (Hauk and Wacziarg, 2009) 10 . The System-GMM exploits additional moment conditions since it consists of a system of two simultaneous 6 These data such as others used to construct the final dataset, are publicly available at the website http://sites.google.com/site/md4stata/ (Catini, Panizza and Saade, 2010) .
7 Even if it received several criticisms, the HP filter withstood the test of time and is a standard method for removing trend (Ravn and Uhlig, 2002) . Given the annual frequency of GDP data, the smooth parameter is set equal to 6.25, accordingly to what suggested by Ravn and Uhlig (2002) .
8 According to the basic and augmented Solow model (Mankiw, Romer and Weil, 1992) and to the empirical findings by Levine and Renelt (1992) , the growth rate of population should also be included and secondary education should be taken as a measure of investment in human capital instead of primary education. Instead, we choose this specification since population growth is always not significant and primary education is likely to be more informative in low-and middle-income countries (Kalaitzidakis et al., 2001) . However, the main findings do not change relaxing this assumptions (see Section 3.3).
9 The CPIA score is a composite index measuring the extent to which country policies and institutions create a good environment for growth and poverty reduction. The CPIA indicators are developed by the World Bank and reflect its staff professional judgment, based on country knowledge, policy dialogue, and relevant publicly available indicators. To overcome criticisms related to lack of transparency and objectivity, in 2004 the CPIA process and methodology were extensively reviewed by an external independent panel and, starting from 2005, these data are fully disclosed and published in World Development Indicators. The broad coverage -the CPIA overall score is available for 136 countries -and the long time horizon (data go back to 1977) makes this indicator very useful for empirical analysis based on panel data (International Development Association, 2007) .
10 For an extensive review of the empirics of economic growth using panel data, see Durlauf, Johnson and equations, one in levels and the other in differences, which takes, respectively, lagged first differences and lagged levels as internal instruments (Blundell and Bond, 1998) . To avoid problems related to the proliferation of instruments, which in small samples are likely to overfit endogenous variables and to weaken the informative power of the Hansen test (Roodman, 2009b) , we follow the rule of thumb according to which the number of instrument should be close to the number of countries (Roodman, 2009a) and limit the number of lags of endogenous variables to t-1 and t-2 11 . As additional external instruments, we include: 1) the La Porta et al. (1997; 1998) While we start modeling the debt-growth relationship as linear, we further test for the presence of a non-monotonic effect, as implied by the debt overhang hypothesis and consistently with the recent evidence on thresholds effects showed by Cordella, Ricci and Ruiz-Arranz (2010); Reinhart and Rogoff (2010b) . Non-linearities are modeled is different ways. We first impose a quadratic functional form to detect an hump-shaped relationship between debt and growth, even if this procedure might be weakened by the presence of outliers. Thus, we also adopt a less parametric approach, estimating a spline specification with one or two discontinuity points (Marsh and Cormier, 2002) . Finally, we try to sort out possible heterogeneous effect of public debt on growth according to country's policies and institutions interacting P U BLIC DEBT with the overall CPIA score (Presbitero, 2008) 12 .
Results

Descriptive evidence: the increasing role of domestic debt
The necessity to look at total public debt instead that focusing exclusively on external debt is testified by the fact that, since 1990, domestic debt in the whole sample of developing countries was larger than external debt. While looking at foreign borrowing could have been a good approximation of overall indebtedness in low-income countries, especially because of poor data quality on internal financing, the same is not true for middle-income countries (Figure 1 ). On the whole, external public debt declined in the last two decades, while domestic debt increased since 1995 up to 2003, when a process of deleveraging started in several countries, just before the recent increase in public debt started in 2007, not shown in the graph, but reported by Reinhart and Rogoff (2010b) . On the whole, internal borrowing does not eliminates the exchange rate risk that a devaluation could trigger a debt crisis, but it generally comes with higher interest rates (especially for low-income countries which were able to borrow at concessional terms from multilateral development banks), increasing the possible crowding out effect (Hanson, 2007) .
Looking at single countries provide additional insight on the increasing role of internal borrowing: in Figure 2 we report the evolution of domestic and external public debt over the period Temple (2005) .
11 For robustness, we also show the estimates obtained collapsing the instruments set; see Section 3.3. 12 We choose not to estimate the endogenous threshold according to the methodology proposed by (Hansen, 2000) and implemented also by Cordella, Ricci and Ruiz-Arranz (2010) since this procedure does not consent to take into account the endogeneity issue. We believe that the latter is the most important problem in this kind of exercise and in the trade-off between the two competing aims, we choose to deal with endogeneity. However, we can limit the arbitrariness implied by the spline approach, at least partially circumventing the impossibility to endogenously estimate the debt thresholds, running several spline specifications and choosing the ones the fit best the data. 1990-2009 in four different countries, representing different levels of income and geographical regions. Jamaica is one of the most indebted countries in the world with a stock of public debt amounting to USD 16 billion (around 128 percent of GDP), almost equally divided between domestic and external debt. The historical evolution of public debt in Jamaica shows some sort of substitution effect between external and domestic debt, with the latter increasing substantially since 1993 and especially in response to the 1995 financial crisis which boosted government expenditures. The shift from external to domestic debt is associated with a decline in public investment and the large public debt seems to be a reason for low productivity (Blavy, 2006; Presbitero, 2010) . A similar pattern is observable also in Sri Lanka: since 1990 total public debt remained almost stable around 90-100% of GDP, but the relative weight of domestic debt increased from 40 to 60%. The relative importance of domestic borrowing in total public debt is exemplified also by the huge increase in Turkish domestic debt -from 22% to 51% in one year -after the 2000-2001 financial crisis which was followed by a contraction of public external debt. Finally, Ghana, where domestic debt became larger than external debt, exemplifies the situation of many heavily indebted poor countries (HIPC), where the sharp decline in external debt, due to the HIPC and the Multilateral Debt Relief Initiatives, is partially offset by a rising domestic debt (Arnone and Presbitero, 2010). 1990 1992 1994 1996 1998 2000 2002 2004 2006 1990 1992 1994 1996 1998 2000 2002 2004 2006 Whole sample Low−income Calculations based on data on public debt in 104 developing countries compiled by (Panizza, 2008) 
Multivariate analysis: public debt and subsequent growth
The results of the two-step System-GMM estimation of model 1 are reported in Table 3 . The coefficient on the control variables and the p-values of the diagnostic tests are quite stable across the different model specification, so we comment on them once for all. The diagnostic tests reported at the bottom of the Table support 1990 1993 1996 1999 2002 2005 2008 1990 1993 1996 1999 2002 2005 2008 Ghana Jamaica
Sri Lanka Turkey
Domestic debt External debt
Public debt (% GDP)
Calculations based on data on public debt ratios over GDP drawn from different sources. Data on Ghana are taken from statistic does not reject the Over-Identifying Restrictions (OIR), confirming that the internal and external instruments can be considered valid, and the Arellano and Bond (1991) tests for serial correlation reject the null hypothesis of not autocorrelation of the first order and do not reject the hypothesis of no autocorrelation of the second order. Consistently with expectations and past evidence (Levine and Renelt, 1992; Kalaitzidakis, Mamuneas and Stengos, 2000) , there is evidence of conditional convergence and investments both in physical and human capital have a positive, albeit not always statistically significant, effect on growth. As in Judson and Orphanides (1999) , Kalaitzidakis, Mamuneas and Stengos (2000) and Presbitero (2008) , inflation volatility has a robust and negative effect on growth, suggesting that a stable macroeconomic environment is required to foster GDP growth. The quality of institutions and policies has a positive and significant effect on GROW T H, while trade openness does not significantly impact on economic growth, as suggested by Rodriguez and Rodrik (2001) (but in contrast to Frankel and Romer (1999) , Yanikkaya (2003) and Wacziarg and Welch (2008) , among others), especially once the effect of institutions is accounted for (Rodrik, Subramanian and Trebbi, 2004) .
Coming to the key interest variable, column (1) shows that the ratio of total public debt to GDP has a negative and monotonic effect on economic growth. To test for the presence of a hump-shaped relationship as predicted by the Debt-Laffer hypothesis, in column (2) we impose a quadratic functional form. The coefficients on the linear and quadratic term are jointly significant and the test of the presence of an inverse U-shaped relationship proposed by Lind and Mehlum (2010) indicates that the Debt-Laffer curve is statistically significant with a maximum in correspondence of a ratio of total public debt over GDP of 27% (P U BLIC DEBT = 3.36) 13 . Columns (3) and (4) report the results of a spline specification with one and two discontinuity points respectively, fixed at values of total public debt equal to 10 (T1) and 90 (T2) percent of GDP. The choice of the threshold is done considering the existing evidence and trying to find the model that best fits the data. The specification with one break at a debt-to-GDP ratio of 90 percent does not uncover any significant relationship, even if a slight increase in the threshold is consistent with a negative effect of public debt up to the 100 percent of GDP and to an irrelevance zone thereafter (Cordella, Ricci and Ruiz-Arranz, 2010) 14 . Imposing a second break in the spline specification does not affect the basic result on debt overhang and debt irrelevance, but uncovers a positive and strong effect of debt on growth as long as total public debt is below 10 percent of GDP. This positive correlation can explain the significance of the bell curve estimated in column (2). At the same time, however, it makes clear that imposing a quadratic specification can lead to misleading results, since only about two percent of sample observations fall below the 10% thresholds, while the 75% of observation are in the debt overhang zone (debt-to-GDP ratio between 10 and 90 percent) and the remaining 23% in the debt irrelevance zone (debt-to-GDP ratio above 90 percent). The impact of public debt is economically significant: in the short run, an increase of the public debt-to-GDP ratio by 30 percentage points, as happened in Turkey after the 2000-2001 financial crisis (Figure 2 ), costs 1.5 percentage points in economic growth.
Finally, in the last column we try to disentangle the source of the non-monotonicity allowing for an heterogeneous effect of P U BLIC DEBT on growth according to the country policy and institutional framework. Consistently with previous evidence on external debt (Arnone and Presbitero, 2010; Cordella, Ricci and Ruiz-Arranz, 2010), the empirical evidence supports the hypothesis that public debt is a growth constraint only in countries with good policies and strong institutions. The economic impact is slightly larger than the one estimated on the whole sample, since a 30 percent increase in the debt ratio is associated with a slowdown in output growth by 1.6 percent. By contrast, where policies and institutions are lousy, public debt is not correlated with GDP growth, which, instead, is likely to be constrained by macroeconomic instability and by the poor institutional framework. The coefficients on the CPIA dummy, in fact, show that the GDP growth rate of the average country with bad policies is half percentage point lower than the one of countries with good policies 15 . In support of this interpretation, which help explaining the non-linear effect of debt on growth (column 4), summary statistics show that total public debt is much lower where institutions and policies are strong (CP IA ≥3.5 = 1) than where are weak (CP IA ≥3.5 = 0), consistently a positive association between indebtedness and policy volatility (Malone, 2010) 16 .
In sum, as illustrated in Figure 3 , the empirical results make clear that the hump-shaped 13 Lind and Mehlum (2010) develop a test to avoid the misleading interpretation of a concave but monotone curve with an inverse U-shaped one, frequent when the turning point is too close to (or beyond) the end point of the data range. The procedure jointly tests whether the relationship between growth and debt is increasing at low values and decreasing at high values of P U BLIC DEBT within the sample, and it is implemented in Stata by the command UTEST.
14 We prefer to leave the 90 percent threshold also for reason of comparability with the evidence documented by Reinhart and Rogoff (2010b) and by Kumar and Woo (2010) . Estimating a spline specification with one discontinuity point in occurrence with a level of public debt equal to 10 percent of GDP uncover a positive (negative) correlation before (after) the threshold. These results are not shown (but are available upon request from the author) for reasons of space and because they are less informative than the reported model with two breaks.
15 Summary statistics point out that countries with sound policies and institutions grow twice faster than the ones with a weak institutional setting.
16 Specifically, total public debt is equal to 49 (66) percent of GDP in the average country with good (bad) institutions and policies and the difference is statistically significant. curve is driven by few observations. Considering the whole sample of countries and ignoring country-specific characteristics, actual data show that, apart from for very low values of total public debt, the basic relationship between P U BLIC DEBT and GROW T H is monotonic and negative up to a threshold (total public debt over GDP equal to 90%, see the left-hand diagram) and irrelevant thereafter. This basic finding uncovers -and can be explained by -countryspecific characteristics: debt overhang is a primary constraint to investment and growth where the policy and institutional setting is stable, while total public debt does not matter for output growth as long as institutions are weak and macroeconomic policies bad (right-hand diagram). This result is consistent with a generalization of the Krugman's (1988) model of debt overhang in which a large eternal debt increases the incentive for incumbent government to "gamble for redemption" in order to avoid the high-probability job loss following an eventual default (Malone, 2010) . Large debts go hand in hand with worsening macroeconomic policies and output and policy volatility, overshadowing the adverse effect of debt on economic growth. (GOOD CP IA) refers to countries with an overall CPIA score lower than (equal to or greater than) 3.5.
Robustness
This section discusses some robustness exercises undertaken to validate the main findings of the paper. On the whole, results do not change with different definitions of the main variables (GROW T H and P U BLIC DEBT ), with the inclusion of additional control variables and controlling for the problem of the proliferation of instruments in the GMM estimates (Roodman, 2009a) . In Table 4 we address the endogeneity issue taking past values of public debt instead of the ones in the first year of the three-years period. While there is no more evidence of a basic linear and negative relationship between DEBT and GROW T H and also the quadratic specification looses significance, the main findings are confirmed. Public debt has a strong and negative impact on output growth for intermediate levels of indebtedness, while when public debt is above 90 percent of GDP, its effect on growth is not significant. Again, this non linearity can be easily accommodated taking into account country heterogeneity: column (5) confirms that, even considering past values of public debt, the overhang effect matters only for countries with good policies and institutions. As regards the coefficients on the control variables and the diagnostic tests, the values are broadly similar to the ones reported in Table 4 , suggesting that the growth model is well specified.
In Table 5 we test the robustness of the main findings across changes in the set of control variables. The first four columns augment the preferred spline specification (Table 3 , column 4), while the last four columns refer to the model allowing for the differentiated debt effect on growth according to the CPIA score (Table 3 , column 5). Specifically, we include the population growth rate (P OP U LAT ION ), a measure of private credit over GDP (CREDIT ) and a dummy variable characterizing a regime as democratic (DEM OCRACY ) 17 ; in columns 4 and 8 we also re-run the estimates measuring GDP (and its growth rate) at purchasing power parity (GDP P P P ). In all the specifications, the main conclusions drawn in Section 3.2 are confirmed, even if the additional controls do not generally show any robust correlation with output growth.
Finally, Table 6 presents the estimates obtained collapsing the instrument set, so that the number of instruments is significantly lower than the number of countries included in the sample. As in the previous regressions, the diagnostic tests support the model specification and the Hansen test of Over-Identifying Restrictions still validates the identification of the model and shows p-values lower than the ones reported in previous regressions. Even with a parsimonious instrument set, results are broadly confirmed and, if any, the negative debt effect on growth increases (column 4).
Conclusions
The evidence discussed in the paper on the relationship between total public debt and economic growth in low-and middle-income countries is consistent with the presence of a debt overhang and a debt irrelevance zones, as already found with respect to external debt (Cordella, Ricci and Ruiz-Arranz, 2010). The threshold separating the two zones is at a level of public debt equal to around 90 percent of GDP. This finding apparently contrasts to the widely cited evidence discussed by Reinhart and Rogoff (2010b) about grow slowdowns when public debt exceeds 90 percent of GDP. However, apart from differences in the methodological approach, the main reason explaining the antithetic results is likely to be the composition of the sample. In this vein, the evidence provided by this paper complements the one introduced by Reinhart and Rogoff (2010b) , Caner, Grennes and Koehler-Geib (2010) and Kumar and Woo (2010) : while they show that a debt burden above 90 percent is likely to hinder growth in advanced countries, we provide evidence that debt overhang in low and middle-income countries is a growth constraint also for lower levels of debt. This is consistent with the hypothesis of debt sustainability and debt management capacity increasing with income. Industrialized countries are better able than developing ones to borrow and use domestic and foreign financing in a productive way, without paying the costs in terms of disincentive to investment, capital flight, policy volatility and crowding out, that generally goes hand in hand with large debts. By contrast, in developing countries the negative consequences of debt overhang are likely to offset the possible benefits deriving from the availability of additional resources. The main reason for this opposite result is related to poor economic management and bad institutions, consistent with a "gambling for redemption" interpretation of the classical debt overhang model (Malone, 2010) . In fact, the last piece of evidence discussed in the paper shows that country-specific factors affect the way in which debt affect the economy: as already shown with respect to external debt (Presbitero, 2008; Cordella, Ricci and Ruiz-Arranz, 2010) , also total public debt is a constraint for economic growth only in countries with sound institutions and stable macroeconomic policies. Thus, irrespective of the income level, poor institution and policies are likely to be the first-order constraint to growth. Where and when the institutional framework is sound, public debt has real effects on the economy: according to Reinhart and Rogoff (2010b) and Caner, Grennes and Koehler-Geib (2010), in industrialized countries debt overhang emerges as long as debt is particularly high -at least above 77 percent -, while the evidence discussed in the paper suggests that in developing countries, where institutions and macroeconomic policies are less strong, debt overhang is effective for an intermediate level of indebtedness. In addition, where debt is larger, macroeconomic policies are generally worse and more volatile and they overshadow the possible negative effects of debt on output growth, which become statistically not significant.
From a policy perspective, the results discussed in the paper can help shaping borrowing and debt relief policies. Specifically, the presence of a negative effect of total public debt on economic growth in developing countries has to be taken into consideration and requires a shift from a paradigm based almost exclusively on external debt to a new one based on both domestic and external debt, as recently recognized also by the IMF and the World Bank. Furthermore, as regard debt relief, it should be based on the amount of the stock of total public debt and it should be targeted only to countries with sound institutions, since only there public debt is likely to be a binding constraint to growth. If the eligibility criteria are measurable, realistic and public ex-ante, conditional debt relief would be not only economically efficient -maximizing the benefits of debt reduction in times of shrinking aid budgets -, but it will also provide the right incentives, working as an incentive-based "pull" mechanism to improve policy and institutional framework. Notes: Statistics are calculated on the sample of 92 low-and middle-income countries (see Table 1 ), apart from variables for which there are missing values. All variables are non-overlapping three-years averages, apart from P U BLIC DEBT which is taken at the first year of the five-years period. Notes: The table reports regression coefficients and, in brackets, the associated robust standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. The model is estimated by Two-Step System GMM, using Stata 11 SE package with XTABOND2 command. As instruments, we use (t-1) and (t-2) lagged values of endogenous variables.
A Tables
Six geographic and five time dummies (included in the regressions but not shown for reasons of space) are taken as strictly exogenous regressors. LEGAL ORIGIN S and ET HN IC F RACT ION ALIZAT ION are included as additional instruments. P U BLIC DEBT is taken in the first year of the three-years period. In the spline specification (columns 3 and 4), the discontinuity points T 1 and T 2 are set, respectively, at a level of public debt equal to 10 and 90 percent of GDP (P U BLIC DEBT equal to 2.398 and 4.511). As diagnostic, the table reports the p-values of the Hansen test for overidentifying restrictions (OIR, the null is the validity of the instrument set) and of the Arellano and Bond autocorrelation tests of first and second order (AR(1) and AR(2), the null is no autocorrelation). Notes: The table reports regression coefficients and, in brackets, the associated robust standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. The model is estimated by Two-Step System GMM, using Stata 11 SE package with XTABOND2 command. As instruments, we use (t-1) and (t-2) lagged values of endogenous variables.
Six geographic and five time dummies (included in the regressions but not shown for reasons of space) are taken as strictly exogenous regressors. LEGAL ORIGIN S and ET HN IC F RACT ION ALIZAT ION are included as additional instruments. P U BLIC DEBT t−1 is taken in the previous the three-years period. In the spline specification (columns 3 and 4), the discontinuity points T 1 and T 2 are set, respectively, at a level of public debt equal to 10 and 90 percent of GDP (P U BLIC DEBT equal to 2.398 and 4.511). As diagnostic, the table reports the p-values of the Hansen test for overidentifying restrictions (OIR, the null is the validity of the instrument set) and of the Arellano and Bond autocorrelation tests of first and second order (AR(1) and AR(2), the null is no autocorrelation). Notes: The table reports regression coefficients and, in brackets, the associated robust standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. The model is estimated by Two-Step System GMM, using Stata 11 SE package with XTABOND2 command. As instruments, we use (t-1) and (t-2) lagged values of endogenous variables. Six geographic and five time dummies (included in the regressions but not shown for reasons of space) are taken as strictly exogenous regressors. LEGAL ORIGIN S and ET HN IC F RACT ION ALIZAT ION are included as additional instruments. P U BLIC DEBT is taken in the first year of the five-years period. In columns (4) and (8) the dependent variable is GROW T H P P P . In the spline specification (columns 1 to 4), the discontinuity points T 1 and T 2 are set, respectively, at a level of public debt equal to 10 and 90 percent of GDP (P U BLIC DEBT equal to 2.398 and 4.511). As diagnostic, the table reports the p-values of the Hansen test for overidentifying restrictions (OIR, the null is the validity of the instrument set) and of the Arellano and Bond autocorrelation tests of first and second order (AR(1) and AR(2), the null is no autocorrelation). Notes: The table reports regression coefficients and, in brackets, the associated robust standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. The model is estimated by Two-Step System GMM, using Stata 11 SE package with XTABOND2 command. The instrument set is built collapsing the lagged values of endogenous variables.
Six geographic and five time dummies (included in the regressions but not shown for reasons of space) are taken as strictly exogenous regressors. LEGAL ORIGIN S and ET HN IC F RACT ION ALIZAT ION are included as additional instruments. P U BLIC DEBT is taken in the first year of the five-years period. In the spline specification (columns 3 and 4), the discontinuity points T 1 and T 2 are set, respectively, at a level of public debt equal to 10 and 90 percent of GDP (P U BLIC DEBT equal to 2.398 and 4.511). As diagnostic, the table reports the p-values of the Hansen test for overidentifying restrictions (OIR, the null is the validity of the instrument set) and of the Arellano and Bond autocorrelation tests of first and second order (AR(1) and AR(2), the null is no autocorrelation).
